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The traditional definition of maritime security is broadening, in some cases somewhat uncomfortably, to include concerns that historically would not have been considered security issues. Environmental issues, for example, have the potential to disrupt social stability and generate conflict and consequently need to become part of national strategic thinking, planning and monitoring.
Ocean environmental issues are rapidly finding their way into these discussions, driven by the impact ocean dynamics have on human society, especially coastal states, in terms of resources and the increasing frequency of extreme weather events. Fisheries in many of these states range from being important to critical in providing food supplies. Many species of fish migrate, frequently over great distances, and in doing so do not respect national borders. The migrations can bring these animals into contact with fisheries within the Exclusive Economic Zones (EEZ) of multiple states, into international waters where fisheries are pursued under the aegis of international conventions or commissions, or to parts of the ocean where due to lack of regulatory frameworks or the absence of credible enforcement, they are subjected to uncontrolled or illegal fisheries.
Present technology means that there is no part of the ocean that humans cannot reach, and sustainable use of valued marine resources will depend on the management actions we take. But knowledge of the migrations of marine species and their environmental drivers is incomplete, and this poses challenges for national and international managers and policy-makers attempting to generate sustainable harvests.
Sustainably managing fish populations into the future will require a massive increase in the knowledge we have on the survival, spatial distributions and habitat use of key species of fish in the oceans, and the environmental factors that drive them. The fact that fishery resources are frequently shared among states, and these states would all benefit from their sustainable use, is a strong argument for the development of transnational research capabilities where the infrastructure, costs and the results of cooperative research programs are shared.
Recent developments in electronic telemetry (remote acoustic and satellite tracking) make it possible to obtain this knowledge, but it can be costly to do so especially for highly migratory species. The process of aquatic tracking typically involves placing tags either externally or internally on animals, and the tags communicate to receivers that capture and store data from them. Different types of telemetry systems have been developed for animal tracking with each having its strengths and shortcomings. Radio tags communicate on radio frequencies which can transmit through fresh water to shore-or aircraft-based receivers. However, radio waves are blocked in salt water; hence the technology will not work for animals that spend part, or all, of their life at sea. Acoustic telemetry uses tags that emit coded sound signals which are picked up by receivers tuned to the frequencies of the tags. Acoustic telemetry works in both salt and fresh water, but the distance the signal carries is typically much less than that of a radio tag in fresh water, requiring a much more extensive deployment of receivers. The tag life and power (reception range) of both radio and acoustic tags depend on battery size, and this means that long-lived (10 years or more), powerful tags are big and can only be carried on very large animals (e.g., tuna, sharks, seals). Acoustic tags are now available for animals as small as five centimetres in length, but the life span of these tags is around 20 days.
The position of an animal detected by acoustic and radio telemetry is determined by knowing the position of the receiver that detected it. Additional sensors can also be placed on both radio and acoustic tags, reporting things like temperature, pressure (depth), salinity and three-dimensional swimming speed and direction. These sensors inform scientists about the environmental conditions that a tagged animal is encountering and how it is behaving. However, the sensors increase tag size and power draw, and the data they generate is only recorded when the tagged animal is in range of a receiver.
A second class of telemetry involves the use of satellite tags. These are larger and can only be used on larger animals, and typically these tags are active for about a year. For fish species that remain submerged at all times, the tags determine their approximate position at a given time by light-based geolocation coupled to the tag's clock. They can carry an array of environmental sensors including for temperature, depth, salinity and accelerometry (measuring movement velocity). The data is recorded at regular intervals and stored to memory on the tag. The tags are programmed to release on a predetermined date and float to the surface (hence the name 'pop-up tags') where they report via satellites. Due to the short timeframe in which satellites are typically in range to capture data being broadcast from these tags, the tags transmit a summary of their stored data. If the tag can be retrieved, the full data record contained in the memory on the tag can be recovered, which is a gold mine of information. A surprising number of these tags, and some acoustic receivers, are washed on to beaches where beachcombers find them and return them to the investigators.
For animals that regularly break the water surface and offer more opportunities to transmit data, satellite relay tags can be used. These have been fixed to the heads of seals or the dorsal fins of some species of sharks, and Oceanographers are now capitalizing on the capabilities of satellite-tagged animals as a cost-effective way to sample environmental conditions. For example, satellite tags carried by southern elephant seals ranging under the ice in Antarctica have identified previously unknown sites for the formation of Antarctic deep water, a key component of global ocean circulation. 3 These data are making large contributions to our understanding of the oceans, and of how ocean processes are linked to global weather and climate conditions. The US Integrated Ocean Observing System (IOOS) is working to operationalize data from animal-borne sensors for many different user groups as one activity of its animal observation network. 4 While OTN researchers use a variety of technologies for animal tracking, they are primarily focused on acoustic telemetry. Canadian companies are world leaders in the design and manufacture of acoustic telemetry equipment, with Vemco of Halifax, NS, being the principal global supplier of acoustic telemetry equipment for tracking aquatic animals. Vemco equipment has been deployed to all of the world's oceans and the seamless compatibility of this equipment means that tags deployed on an animal in one country will be detected should it swim over a Vemco receiver in another country thousands of kilometres away. There are more than 20,000 Vemco receivers currently deployed worldwide.
OTN has been adding new receiver lines to oceans to complement the existing deployments and fill gaps. It has been working with governments and private sector partners on placing acoustic receivers on existing ocean infrastructure, including oceanographic buoys associated with the offshore oil and gas industry. The most recent example is the addition of acoustic telemetry capabilities to the US-France-Brazil Pilot Research Moored Array in the Tropical Atlantic (PIRATA) weather and oceanographic buoy network, which spans from Africa to South America. Many states are also adapting marine autonomous vehicles (e.g., Slocum Gliders, Wave Gliders) to carry tracking units as part of the sensor suite for oceanographic monitoring.
Acoustic telemetry is being used globally to answer key questions surrounding the sustainable management of valued species. Canadian scientists are highly skilled in the innovative use of telemetry, and within the OTN they are active on the Pacific and Atlantic coasts and in the Arctic. Work in each of these areas focuses on regionally important issues needing good science to guide decisionmaking. The following are four examples of what is being done to monitor ocean species.
First, research being conducted on the West Coast of Canada on Pacific salmon is helping to provide information to managers and fisheries stakeholders on the
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mortality of accidentally by-caught coastal migrating adult Pacific salmon that must be released alive. This information is also used to test ways in which this survival could be improved. A social sciences study is underway in tandem with the monitoring study to look at how to transfer the knowledge gained so it can be put to use. Researchers for this work are drawn from the University of British Columbia, Carleton University and the University of Ottawa, and they are extensively linked to government and the user sector.
A second example is a more varied group of researchers active on the East Coast of Canada. Here the migration patterns and predation upon American eels migrating from the St. Lawrence River to their presumed spawning areas in the Sargasso Sea are being studied by a team centred at l'Université Laval and linked to oceanographers at Dalhousie University. Populations of the eels have crashed (more than 95% reduction over 10 years), and the information from the telemetry work will feed back into recovery strategies. Tag temperature sensors from a 2013 study recorded a sharp spike increase to temperatures similar to those consistent with gut temperatures of two Gulf fish species, tuna and sharks, while pressure sensors revealed dive patterns consistent only with porbeagle sharks, indicating previously undocumented predation by porbeagle sharks. This work has been helpful in examining why population numbers of this species are decreasing.
A third example is a study of Canadian Atlantic seal-cod interaction. In this case, a team from Dalhousie University in Halifax is working with scientists at the Bedford Institute of Oceanography. The seals carry newly developed combined tag-receiver units (Vemco Mobile Transceivers, or VMTs), which report real-time detections of tagged animals via satellite. Information on this project is beginning to document frequent seal-seal interactions, and so far all seal-cod encounters have not provided convincing evidence for a major impact of seal predation upon cod.
The final example is Canadian Arctic research which is providing information important for the development of northern fisheries. In the Arctic, researchers from the University of Windsor, the University of Victoria and Fisheries and Oceans Canada are using telemetry to follow Greenland halibut to identify population structure in the face of competing fisheries. They are also tracking Arctic cod, Greenland sharks and other species to fill nearly total gaps in our knowledge of what locations are occupied by these animals at what times of year.
As data-sharing protocols are established for all of these regions, a powerful global observing network for fish movements is being created. Some regions (Australia, parts of North America, South Africa) are well advanced in their observation system and have networks with compatible, well-developed data storage and exchange protocols. However, in most parts of the world the telemetry equipment is owned and operated by Credit: Nikki Beauchamp independent scientific groups which are not yet linked into data-sharing systems. A large component of the OTN's activities involve coordinating data standards and best practices with existing networks, and assisting with recruiting new participants and data networks in parts of the world where they are currently lacking. OTN also has a talented group of specialists working on data analysis and visualization, providing new approaches and sharing the analytical code.
Internationally, researchers working with the global OTN infrastructure are also focused on regionally important issues but which have application to problems in other areas as well. For example, a recent high-profile public safety issue has erupted due to an increase in fatal attacks on people by sharks, most apparently by white sharks. OTN-linked projects in the United States (Massachusetts Division of Marine Fisheries), South Africa (Rhodes University and partners), and Australia (University of Tasmania, Western Australia Fisheries and others) are tracking white sharks in an attempt to understand the behaviour of these animals so that in turn the behaviour of people can be changed to reduce the risk of shark encounters. In Western Australia, Western Australia Fisheries has launched an ambitious study that will follow individual tagged sharks for over 10 years to see if they predictably occur at certain sites at certain times of the year (site fidelity) and to show how their behaviour changes over time. They have also created a sentinel system of acoustic receivers that report in real time the presence of tagged sharks near popular beaches. Other international projects associated with OTN range from tracking the movements of marine fish in South Africa to assist in the design of marine reserves (Rhodes University) to documenting the migrations of declining salmonid populations in Norwegian fjords (Norwegian University of Science and Technology).
Partnership approaches to building global observing networks have parallels in other science fields. Partnerships develop because of the need scientists have for information which is often not obtainable with their limited resources and funding. The weather services of national authorities have been sharing their marine weather observations internationally for decades. These data have provided critical elements for decisions about evacuations and mitigating the destruction of commercial ports, infrastructure and ultimately loss of human life.
The 2002 World Conference on Sustainable Development identified the need for states to share the data they are collecting from their earth observation system so that effective decisions can be made for global problems. This galvanized the formation of the Group on Earth Observations (GEO) which has launched and continues to develop the Global Earth Observation System of Systems. These systems encompass a broad array of monitoring programs in the physical and biological sciences. In making the information from these systems widely available, the hope is to permit better weather forecasting and response planning for extreme storm events, and food security (for example, advance global harvest projections). OTN has similar aspirations for Canada and the Canadian Arctic frontier; its knowledge will inform management activities and policy development nationally and internationally in ways that conserve and sustain valued ocean biological resources. 
